Abstract
Introduction
Protein oxidation leads to loss of protein function and often cell death via necrotic or apoptotic processes [1] . [2] . Previous research has shown that peroxynitrite can interact with proteins [3, 4] , lipids [5] , DNA [6, 7] and RNA [8] to promote damage in these biological molecules. Tyrosine nitration is associated with Alzheimer's disease (AD) [9] as well as Parkinson's Disease [10] . ␥-glutamylcysteinylethyl ester (GCEE), a derivative of ␥-glutamylcysteine, can cross the blood-brain barrier (BBB) and has been proven to prevent peroxynitrite-induced damage by up-regulating glutathione production [11] . Lipoic acid has also been used to combat protein nitration [12] as has ␥-tocopherol [13] . [14] [15] [16] [17] , glyceraldehyde 3-phosphate dehydrogenase [18, 19] , actin, [20, 21] , synaptic proteins [22] and tyrosine hydroxylase [23, 24] , among others. [25, 26] . MCI can be divided into two broad subtypes: amnestic (memory-affecting) MCI or non-amnestic MCI [27, 28] . Other functions, such as language, attention and visuospatial skills, may be impaired in either type. Pathologically, MCI brain shows mild degradation of the hippocampus, sulci and gyri using magnetic resonance imaging technology [29] . AD [26] . Recent work has shown that protein synthesis in MCI brain may also be affected [30] .
Nitric oxide (NO), produced from the conversion of L-arginine to L-citrulline by the enzyme NO synthase, reacts with superoxide radical anion (O2 -. ) forming the reactive product, peroxynitrite (ONOO -). There are at least three different forms of NO synthase (iNOS, eNOS and nNOS). Peroxynitrite, in the presence of CO2, can decompose to reactive intermediates that then combine with a tyrosine residue at the meta position to form 3-nitrotyrosine (3-NT)

Increased protein nitration also can lead to an elevated release of reactive nitrogen species (RNS) and detrimental cellular effects. Nitration of proteins results in the inactivation of several important mammalian proteins, such as MnSOD
Mild cognitive impairment (MCI) is seen as a transitional stage between the cognitive changes of normal aging and the more serious problems caused by AD
Brain from subjects with MCI has elevated levels of 3-NT [31] . By using a redox proteomics-based approach [32] , the brain proteins that are nitrated in MCI patients can be identified. A previous study from our laboratory identified carbonylated proteins in the MCI hippocampus [33] . The aim of this study was to identify the nitrated proteins in the hippocampus and inferior parietal lobule of amnestic MCI subjects relative to control brain regions and compare these nitrated proteins to those that are known to be nitrated in AD [2] . 
Materials and methods
Subjects and materials
In-gel digestion
Samples were prepared according to the method described by Thongboonkerd et al. [35] . [36] . Figure 1B . Figure 1A . (Fig. 3) . The gel map obtained from the immunoprecipitated MCI hippocampus supernatant showed a spot corresponding to HSPA8 missing (Fig. 3B ) and the blot probed with anti-3NT antibody (Fig. 3C) showed a spot at the same position of the nitrated HSPA8 protein spot on the nitrated protein blot (Fig. 1D) .
Analysis of gel images
Statistical analysis
Fig. 1B Enlarged section of
Fig. 2A Sypro ruby stained gels from control (A) and MCI IPL (B). '(C)' and '(D)' represent
Discussion
As [33] , and in addition previous studies of AD and cell culture models of AD showed an increased oxidation of enolase [2, [38] [39] [40] [41] [42] [45] [46] [47] . Positron emission tomography (PET) studies also show a pattern consistent with the reduced cerebral glucose utilization in AD brain [48, 49] . [50] . In AD brain, GST protein levels and activity were reported to be decreased; in addition, GST was the found to be oxidatively modified by HNE [36] .
Antioxidant or detoxification system dysfunction
Peroxiredoxin can reduce peroxynitrite at a high catalytic rate, which may modulate protein nitration and cell damage [51] . In addition, peroxiredoxin plays roles in cell differentiation and apoptosis. The decrease in the activity of this enzyme may also lead to decreased phospholipase A2 activity, one of the target proteins regulated by peptidyl prolyl cis/trans isomerase (Pin 1), a protein that has been reported to be down-regulated and have decreased activity in AD brain [52] [53] [54] .
Ralat et al. [55] [58, 59] . The levels of 14-3-3 proteins are increased in AD brain [60, 61] , AD CSF [62] and in ICV-delivered A␤ and neuronal models of AD [40, 63] . The nitration of 14-3- [64] . This complex may promote tau phosphorylation and polymerization [65, 66] , leading to the formation of tangles and further leading to neurodegeneration in AD. [67, 68] . DRP2 has been reported to be associated with neurofibrillary tangles (NFT), which may lead to decreased levels of cytosolic DRP-2 and eventually lead to shortened neuritic and axonal growth. Such outcomes would accelerate neuritic degeneration in AD [69] , which is one the characteristic hallmarks of AD pathology. Increased oxidation [41] [72] .
Structural dysfunction
DRP-2 and Fascin 1 were identified as nitrated proteins in MCI hippocampus. DRP-2 is a member of the dihydropyrimidinase-related protein family that is involved in axonal outgrowth and pathfinding through transmission and modulation of extracellular signals
Fascin 1 (FSCN1) is a structural protein also known as p55 [73] and is involved in cell adhesion [74] and cell motility [75] . It is a marker for dendritic functionality [76] . Addition of p55 has been shown to protect cells from oxidative stress produced by an insult [77] . 
